Introduction
World views, as related to the sciences, ethics, arts, politics and religions, are integral parts of all cultures. They have a strongly motivating and inspiring function. A socially shared view of the whole gives a culture a sense of direction, confidence and self-esteem. As described by Heylighten (2000) , in reviewing a book by Aerts, et al. (1994) , six key components of world views are: 1) theories and models for describing the phenomena we encounter, 2) understanding of how the world functions and how it is structured, 3) explanations of why the world is the way it is, 4) descriptions of more or less probable future developments, 5) values addressing what is good and what is evil, and 6) actions describing how we should act to solve practical problems.
In the history of the national forests of the United States, four different sciences have sequentially provided the dominant intellectual structures for managing these forests: 1) "sustained yield" forestry, 2) economics (merged with sustained yield), 3) ecology and wildlife biology, and 4) social science. In each case, those sciences did not just provide facts and relationships. Rather they provided complete world views, including value-laden concepts and decision-guides, that greatly colored the way in which policymaker's defined sustainability, the problems they saw, and the solutions they sought.
My purpose in this paper is to outline the sequential dominance of different scientific disciplines, the key attributes of the different world views, and how each in turn have influenced federal forest management. After presenting this history, I summarize ways in which these sciences have contributed to sustainable forestry and ways in which they have detracted from sustainable forestry. Finally, I offer the hope that the new approach to planning on the national forests, centered on social processes, can avoid the difficulties of the past by allowing perspectives from the different sciences to surface and be utilized in creating sustainable national forests for the future. This paper discusses the management of the national forests of the United States. It does, though, often use examples from the Pacific Northwest, the part of the national forest system with which I am most familiar.
Federal Forests: the Beginning
Originally, land policies in the United States were designed to shift all forest into private hands, and hundreds of millions of hectares passed into private ownership from 1780-1880. In the mid and late 1800s, forest policy became a national issue focused on the role of forests in the West in protecting water supplies and providing adequate supplies of wood to homebuilders and the nation (Dana and Fairfax, 1980) . In response to these concerns, Congress passed the Forest Reserve Act in 1891, allowing the President to retain some forest in federal ownership but not specifying how these forests should be managed. A series of Presidents used that authority in the late 1800s and the early 1900s to retain large areas of forest in the West.
In 1897, Congress passed the "Organic Act" in 1897 declaring that that the purposes of the Forest Reserves were: 1) to improve and protect the forest within the reservation, 2) for the purpose of securing favorable conditions of water flows, 3) to furnish a continuous supply of timber for the use and necessities of the people of the United States (Dana and Fairfax 1980) . Gifford Pinchot, the first professionally trained forester in the United States, soon became Chief of the Forest Service and utilized this language to craft his vision of forest management which led to the sustained yield model that dominated forestry for most of the last century: That vision called for use of the resources of the national forests--especially wood, water, and forage--to assist in the economic development of the West. Pinchot's model of conservative use--use at a rate that would not impair the permanent value of the forest--served as a guiding principle. It was expressed through the idea of a regulated forest and a sustained yield of commercial timber products, and was utilized by generations of foresters to calculate the allowable cuts on the national forests for much of the 20th century.
This vision was implemented through scientifically-trained foresters with their "science" coming from disciplines that supported the sustained yield model of forest management--silviculture/mensuration (inventory and growth and yield)/management (harvest scheduling). Forests would be grown as a crop with the goal of a "regulated forest" in which the same amount of timber would mature each year. Wildfire and pests would be controlled and suppressed. All lands that could produce commercial crops would produce them over time. Forests would be roaded to provide access for timber harvest and to allow control of wildfire. Old growth would be a high priority for harvest so as to make way for fast growing second growth stands (Hirt, 1994) .
Underlying these facts and concepts were a set of world views-views about the way the world worked, about what the future held, about relationships that foresters accepted as truisms, about values that foresters held dear. First, and foremost, was the notion of an approaching timber famine that could be prevented only by adopting the "scientific approach" to management that they advocated. Second, foresters assumed that sustained-yield timber production was compatible with, and supportive of, other forest values. Third, foresters believed that the sustained yield model would provide for economic and social sustainability through the provision of regular, constant timber volume.
In forestry schools there was no need to articulate these tenants of faith-they were implicit in the classes, the textbooks, and the discussions (See for example, Davis and Johnson, 1987) . Thus, while often unstated, they dominated and directed forest management, and especially federal forest management, through the middle of the 20th century.
The National Forest Management Act-a Challenge to Sustained Yield Forestry
Court decisions that the Forest Service timber harvest practices violated key provisions of the Organic Act of 1897 brought harvest on the national forests to a halt in the early 1970s.
The National Forest Management Act (NFMA) that resulted from Congressional deliberations reaffirmed that the national forests should be managed for multiple use and sustained yield. The NFMA, however, provided additional guidance on what these concepts meant by calling for integrated planning with public participation, providing for the diversity of plant and animal species, and adding a collection of controls on timber harvest planning and timber harvest practices designed to lesson the impact of timber harvest on the environment.
The 1982 NFMA Regulations: Economic Principles as the Driving Force
The 1982 regulations (Federal Register, 1982) , written to implement the NFMA, embraced the principles of economics as the analytical approach to satisfying the Act. They state the overall goal as maximization of net public benefits, which broadened net present value to include non-market goods. Benefit/cost and trade-off analysis were the order of the day. The principle concern was still the sustainable timber harvest level, but an economic analysis of the implications of different levels could now be conducted; by varying the objective or the constraints, efficient trade-offs among those goods and services could be quantified and related to timber harvest. The transformation of sustained yield forestry into economic forestry had less effect than might have been expected for two reasons. Key elements of sustained yield forestry remained in place, such as achieving rotations at least as long as needed to maximize timber growth, and maintaining a sustained yield of timber harvest volume over time, with exception to these rules allowed only after extensive justification.
The Rise of Ecological Forestry
While the integration of economic perspectives into sustained yield forestry provided the overall emphasis of the 1982 regulations implementing the NFMA, other provisions were included in the regulations that, in time, overwhelmed this approach. Specifically, the clause requiring that "fish and wildlife habitat shall be managed to maintain viable populations of existing native and desired nonnative vertebrate species in the planning area" assumed great importance over time. When taken together with the Endangered Species Act of 1973, which required an "ecosystem approach" in order to preserve species threatened or endangered by a loss of habitat, this language implied a strong, affirmative responsibility on the part of the Forest Service to ensure the viability of species dependent upon habitats found in the national forests and grasslands, or if they were currently threatened or endangered that they be recovered to the standard of "viable populations."
In a pivotal lawsuit, Seattle Audubon Society in 1989 sued the Forest Service for failing to adopt a credible conservation strategy for the northern spotted owl that would comply simultaneously with the National Environmental Policy Act, the Endangered Species Act, and National Forest Management Act (Caldwell, et al., 1994) . The courts agreed with the plaintiffs and issued a restraining order on the harvest of "owl habitat" until a credible strategy was developed to conserve the northern spotted owl. While that only directly affected national forests in Washington, Oregon, and California, this judgment signaled a change in the role of the national forests in species conservation across the United States.
The Chief of the Forest Service had seen the plans developed by the national forests successfully challenged in court and wanted a new approach. He asked Jack Ward Thomas (a Forest Service scientist) to develop a "scientifically credible conservation strategy for the northern spotted owl." With these words, the Chief and Thomas ushered in a major change in how we craft management plans. Thomas and his scientific colleagues developed the first regional conservation strategy for federal lands in the Northwest using the principles of conservation biology (Thomas, et al. 1990 ). The strategy created a network of relatively large reserves across the federal forests of the owl region with additional restrictions on forest management on the land that fell in between (the "matrix"), turning wildlife protection into a primary goal for forest management into which timber harvest would have to fit.
The 2000 NFMA Regulations: Ecological Principles as the Driving Force
The ecological approach was codified with the second set of regulations adopted in 2000 (Federal Register, 2000) . In them, the Clinton Administration proposed an ecological approach to managing the national forests that placed ecological sustainability as the first priority, utilizing the concepts of maintaining "natural" structures, processes, and functions as the foundation of the plan and calling for both coarse and fine filter tests of ecological sustainability. For the fine filter (species) test, the Administration adopted the following rule: "Plan decisions (actions) must "provide for ecological conditions such that there is a high likelihood of maintaining viability of native and desired non-native species over time within the plan area (219.20(b) (8)." Since we know very little about most species, that provision almost guaranteed little activity would occur on federal forests and that planning resources would be largely consumed by viability analysis.
Between the 1982 regulations and the 2000 regulations, the major issue on the national forests changed from responsible, efficient timber production to development of diverse, flexible, and resilient policies to sustain native species. As the new ecological perspective took hold, in the early 1990s, foresters and economists lost their dominance of forest policy and forest policy analysis to people skilled in ecology, conservation biology, and non-game fish and wildlife, with the resulting replacement of one world view by another.
The Rise of Social Forestry
Social forestry generally analyzes forest resources from the standpoint of sustaining the wellbeing of people, communities, and society. A central axiom of social forestry is that the use of forest resources should directly benefit human and community well-being. Key elements in these benefits include the distribution of forest benefits, community capacity to accommodate change, the social acceptability of decisions, and a decision-making process based on participatory democracy (Committee of Scientists, 1999) . These powerful ideas fly in the face of the process of planning for the management for federal forests under sustained-yield, economic, or ecological forestry. In the previous approaches, there was a clear demarcation between facts and emotions, between the roles of the experts and the public, between the way the world works and people's values. In the post-modern world of social forestry, these clear demarcations become blurred and various forms of community mobilization and social negotiation take center stage (Lee and Field 2005) .
The 2005 NFMA Regulations: Social Principles as the Driving Force
The Forest Service has made collaboration the keystone of their future planning in the newly adopted 2005 regulations, recognizing that little can get done without community support (Federal Register, 2005) . In these regulations, and the associated directives, the Forest Service calls for collaboration throughout the planning process, including a collaborative effort to describe the desired future condition. Since these new regulations position the desired future condition as the focus for management, the call for a collaborative process to delineate it represents a major commitment of the Forest Service to social processes in decision-making. Also, the agency has reduced its emphasis on species viability which dominated previous planning. More than ever before, the Forest Service has embraced the "wisdom of crowds."
Has Linking Science to Policy Led to Sustainable Forestry?
With this history as context, I summarize below ways in which the dominant sciences in the history of the national forests have contributed to sustainable forestry and detracted from it. While this summary is necessarily qualitative and selective, I believe it captures the influences of the different sciences.
The contribution of sustained yield forestry
The application of science to forest policy caused policy makers to address the finite nature of the current stock and the importance of investment in reforestation, forest protection, and future growth to maintain future timber supplies. In addition, it provided a mechanism to moderate the rate of timber harvest to help ameliorate the "cut and get out" mentality then so prevalent in America. Finally, it provided a long-term vision of the forest of the future-the regulated forest-that would resonate with policy makers. It also created a mindset that would result in the orthodoxy of timber primacy and lead to future problems.
The contribution of economic forestry
The merging of economic principles with sustained yield forestry emphasized the need to recognize the limitation of resources, the need to make reasoned choices through evaluating marginal benefits and costs, and the need for efficiency in management. Also, though, the approach lacked the clear recognition that our environmental laws called for a protective approach to forest species and ecosystems.
The contribution of ecological forestry Ecological forestry overcame the previous neglect of the contribution to biodiversity of old forests and the important conservation contribution that the national forests make to the broader landscape. With the ecological world view that came with the approach, however, it proved much easier to stop activities that might damage species and ecosystems than it did to start activities needed to conserve them or to produce other benefits.
The Contribution of Social Forestry
Social forestry fundamentally challenges the "expert" approach to planning that has been utilized for over 100 years resulting in the potential for the community mobilization in which communities come together to support forest management, and suggest creative strategies, rather than obstruct management. The Forest Service desperately needs a broad spectrum of support of the lands they administer; this approach may help that happen. Ecological and economic forestry see sustainability as a destination. Social forestry views sustainability more as a journey. Whether the journey has some sense of destination, beyond the agreement of the participants, will help determine the success of this new adventure in the management of our federal forests.
Conclusions
Science is an essential underpinning to sustainable forestry. When a particular science is applied, however, the policy maker gets facts, concepts, and values of the discipline all mixed up together, making it difficult to apply simultaneously the ideas from different disciplines. Each new scientific wave has provided its own worldview, often to the exclusion of those that came before it, unnecessarily restricting the choices and evaluations of decision makers. For policy-makers to chart their own course and apply their own perspectives and values, we need to devise processes that utilize simultaneously the facts and concepts of the sciences supporting sustainable forestry without the dominance of a particular scientific worldview.
